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DESCRIPTION 

BUSH BEARING 

TECHNICAL FIELD 
The present invention relates to a bush bearing for rotatably supporting a shaft, 
and more particularly to a bush bearing which is secured at its outer peripheral surface 
to a housing, for rotatably supporting at its inner peripheral surface a shaft. 

BACKGROUND ART 
A bush bearing as a sliding bearing has advantages in that, as compared with a 
rolling bearing, the bush bearing is low-priced, and the amount of noise generated is 
low, so that it excels in the low noise characteristic. Because of such advantages, the 
bush bearings are used in numerous fields including compressors of automobiles and 
the like. 

The bush bearing is normally press fitted in a hole of a housing, is secured at 
its outer peripheral surface to the housing, and is adapted to rotatably support at its 
inner peripheral surface a shaft. To facilitate the press fitting into the housing hole, a 
tapered surface is formed at an outer peripheral surface on the end face side of the bush 
bearing. 

Incidentally, if a cutting tool (single point tool) is merely abutted against the 
outer peripheral surface on the end face side of the bush bearing to shave it off so as to 
form such a tapered surface, there is a possibility that very small burrs are produced on 
that outer peripheral surface. At the time of the press fitting of the bush bearing into 
the housing hole, these burrs can fall off and remain in the housing hole as dust (e.g., 
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metal powder dust). This dust can enter between the inner peripheral surface of the 
bush bearing and the shaft, making it impossible to ensure smooth rotation of the shaft. 
In addition, particularly in an aluminum-made housing, there is a possibility that the 
inner peripheral surface of the housing defining the hole is shaved by the burrs at the 
time of the press fitting of the bush bearing into the housing hole, and aluminum chips 
are produced. These aluminum chips can enter between the inner peripheral surface of 
the bush bearing and the shaft, making it impossible to ensure smooth rotation of the 
shaft. 

Furthermore, if the wall thickness on the end face side of the bush bearing 
becomes extremely small owing to the tapered surface formed, the end face side of the 
bush bearing becomes easily deformed in the press fitting into the housing hole, making 
it impossible to assure the roundness of the inner peripheral surface of the bush bearing. 
Meanwhile, if the tapered surface is formed so as to enlarge the wall thickness on the 
end face side of the bush bearing in order to avoid this, the positioning and fixation of 
the bush bearing with respect to the housing hole prior to the press fitting into the 
housing hole become difficult; moreover, the guiding action based on the tapered 
surface in the press fitting into the housing hole is practically lost, possibly crushing the 
end face side of the bush bearing or unnecessarily enlarging the diameter of the open 
end of the housing hole. 

DISCLOSURE OF THE INVENTION 
The present invention has been devised in view of the above-described 
problems, and its object is to provide a bush bearing which makes it possible to 
eliminate the occurrence of dust (e.g., metal powder dust, particularly aluminum chips) 
at the time of the press fitting into the housing hole, which makes it possible to easily 
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perform the press fitting without crushing the open end and the like of the hole to be 
press fitted into, and which makes it possible to ensure the roundness of the inner 
peripheral surface even after the press fitting. 

The bush bearing in accordance with a first aspect of the invention is a 
cylindrical bush bearing whose inner peripheral surface is a sliding surface, wherein an 
outer peripheral surface of the bush bearing has a cylindrical surface and a tapered 
surface interposed between the cylindrical surface and at least one annular axial end 
face of the bush bearing and formed by press forming, and if the wall thickness at the 
cylindrical surface of the bush bearing is assumed to be t, a difference 8 (= rl - r2) 
between a radius rl at the cylindrical surface of the bush bearing and a radius r2 at an 
outer peripheral edge of the one annular end face is in a range of not less than O.lt and 
not more than 0.3t. 

According to the bush bearing in accordance with the first aspect, since the 
tapered surface is formed by press forming, no burrs are produced at the outer 
peripheral surface. Therefore, at the time of the press fitting into the housing hole, 
dust (e.g., metal powder dust, particularly aluminum chips) is not produced. Moreover, 
since the difference 8 is not less than O.lt, it is possible to secure an outer peripheral 
edge of the annular end face having a small diameter with respect to a hole diameter of 
the housing. As a result, it is possible to reliably perform the alignment with the 
housing hole prior to the press fitting into the housing hole, and to ensure the guiding 
action based on the tapered surface in the press fitting into the housing hole. In 
addition, since the difference 8 is not more than 0.3t, it is possible to secure the wall 
thickness of the annular end face to such an extent that the deformation of the end face 
side does not occur in the press fitting into the housing hole. As a result, it becomes 
possible to assure the roundness of the inner peripheral surface even after the press 
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fitting. 

In the bush bearing in accordance with the invention, the wall thickness t is not 
particularly limited, but it is possible to cite as a preferred example the wall thickness t 
of 0.5 mm to 5.0 mm, and as a more preferred example, the wall thickness t of 1.0 mm 
to 3.0 mm. 

As for the bush bearing in accordance with a second aspect of the invention, in 
the bush bearing according to the first aspect, the tapered surface extends in an axial 
direction continuously from the one annular end face, and the cylindrical surface 
extends continuously in the axial direction from the tapered surface toward another 
axial end face of the bush bearing. 

The bush bearing in accordance with the invention may be an endless 
cylindrical one (a bush bearing which does not have abutting faces), but as in a third 
aspect thereof the bush bearing is preferably constituted by a wrapped bush bearing in 
which a plate having the sliding surface on one surface is convoluted into a cylindrical 
shape such that the sliding surface is positioned on an inner peripheral side. 

As for the bush bearing in accordance with a fourth aspect of the invention, in 
the bush bearing according to the third aspect, the plate is constituted by a multilayered 
plate which includes a back plate coated with copper, a porous sintered metal layer 
adhered integrally to a copper coating layer on one surface of the back plate, and a 
sliding layer including a synthetic resin with which the porous sintered metal layer is 
impregnated, and which has self-lubricity and wear resistance, a portion of the sliding 
layer which includes the synthetic resin being formed on one surface of the porous 
sintered metal layer, and the wrapped bush bearing is formed by convoluting the 
multilayered plate into the cylindrical shape such that the sliding layer is positioned on 
the inner peripheral side. 
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The thickness of the copper coating layer which covers the back plate is 
preferably 1 fim to 10 |im, more preferably 3 jam to 5 |im, and such a coating layer may 
be formed by plating treatment of the back plate. 

As a steel plate used as the back plate, it is possible to use such as a cold rolled 
steel (SPCC: JIS G 4141) or a structural rolled steel (SS: JIS G 3101) having a plate 
thickness of 0.3 mm to 3.0 mm, preferably a plate thickness of 0.6 mm to 1 .8 mm. 

As the metal powder for forming the porous sintered metal layer, a powder of a 
copper alloy is used which generally passes 100 mesh sieve, such as bronze, lead 
bronze, or phosphor bronze which excels in fractional wear characteristics as the metal 
itself. Depending on purposes, however, it is also possible to use a powder of an 
aluminum alloy or iron, other than the copper alloy. As the form of particle of this 
metal powder, it is possible to use one which is in lump form, spherical form, or 
irregular form. Preferably, the thickness of this porous sintered metal layer is 
generally 0.15 to 0.4 mm, particularly 0.2 to 0.3 mm. Preferably, the porosity is 
generally not less than 10% by volume, particularly 15 to 40% by volume. 

As the synthetic resin which has self-lubricity and wear resistance and serves 
as the sliding layer forming material, it is possible to cite as preferred examples 
polytetrafluoroethylene resin, polytetrafluoroethylene resin containing a filler material 
such as lead or polyimide resin, polyacetal resin or oil-containing polyacetal resin 
containing a lubricating oil. 

As for the bush bearing in accordance with a fifth aspect of the invention, in 
the bush bearing according to the fourth aspect, the tapered surface is constituted by an 
exposed surface of the copper coating layer. 

As for the bush bearing in accordance with a sixth aspect of the invention, in 
the bush bearing according to any one of the first to fifth aspects, the tapered surface 
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extends in the axial direction between the cylindrical surface and the one annular end 
face so as to be flat or convex toward an outside. 

As for the bush bearing in accordance with a seventh aspect of the invention, 
in the bush bearing according to any one of the first to sixth aspects, a smooth circular 
arc surface is interposed between the tapered surface and the cylindrical surface. As in 
the bush bearing in accordance with an eighth aspect of the invention, such a smooth 
circular arc surface preferably has a radius of curvature which is not less than 0.1 mm 
and not more than 1 .0 mm. 

As for the bush bearing in accordance with a ninth aspect of the invention, in 
the bush bearing according to any one of the first to eighth aspects, a smooth circular 
arc surface is interposed between the tapered surface and the one annular end face. As 
in the bush bearing in accordance with a 10th aspect of the invention, such a smooth 
circular arc surface preferably has a radius of curvature which is not less than 0.1 mm 
and not more than 0.5 mm. 

As for the bush bearing in accordance with a 1 1th aspect of the invention, in 
the bush bearing according to any one of the first to 10th aspects, an angle of 
intersection, 9, between the tapered surface and an axial line is not less than 15° and not 
more than 25°. 

The tapered surface in the invention is formed by press forming, as described 
above, but in the press forming, the tapered surface is preferably formed by roll forming, 
as in the bush bearing in accordance with a 12th aspect of the invention. 

In the invention, the outer peripheral surface of the bush bearing is sufficient if 
it has a tapered surface interposed between the cylindrical surface and at least one 
annular axial end face of the bush bearing. Preferably, however, as in the bush bearing 
in accordance with a 13th aspect of the invention, the outer peripheral surface of the 
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bush bearing further has, in addition to such a tapered surface, another tapered surface 
interposed between the cylindrical surface and the other annular axial end face of the 
bush bearing. 

The other tapered surface may be formed in the same way as the 
aforementioned tapered surface as in the bush bearing in accordance with 14th to 22nd 
aspects of the invention. 

According to the invention, it is possible to provide a bush bearing which 
makes it possible to eliminate the occurrence of dust (e.g., metal powder dust, 
particularly aluminum chips) at the time of the press fitting into the housing hole, which 
makes it possible to easily perform the press fitting without crushing the open end and 
the like of the hole to be press fitted into, and which makes it possible to ensure the 
roundness of the inner peripheral surface even after the press fitting. 

Hereafter, a description will be given of the present invention and the mode for 
carrying out the invention with reference to the preferred embodiment shown in the 
drawings. It should be noted that the present invention is not limited to the 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a preferred embodiment of the invention; 

Fig. 2 is a cross-sectional view of the embodiment shown in Fig. 1 ; 

Fig. 3 is an explanatory partially enlarged cross-sectional view of the 
embodiment shown in Fig. 1 ; 

Fig. 4 is a diagram explaining a manufacturing method in accordance with the 
embodiment shown in Fig. 1 ; 

Fig. 5 is a diagram explaining the manufacturing method in accordance with 
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the embodiment shown in Fig. 1 ; and 

Fig. 6 is a diagram explaining an example of use in accordance with the 
embodiment shown in Fig. 1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 
In Figs. 1 to 3, a cylindrical bush bearing 1 in accordance with this 
embodiment is a wrapped bush bearing which has a cylindrical inner peripheral surface 
2 serving as a sliding surface as well as an outer peripheral surface 3, and whose 
abutting faces 4 are abutted against each other. 

The outer peripheral surface 3 includes a cylindrical surface 1 1 ; a tapered 
surface 13 interposed between the cylindrical surface 1 1 and one annular end face 12 in 
an axial direction X and formed by press forming, or roll forming in the press forming 
in this embodiment; a smooth circular arc surface 14 interposed between the tapered 
surface 13 and the cylindrical surface 1 1; a smooth circular arc surface 15 interposed 
between the tapered surface 13 and the end face 12; a tapered surface 17 interposed 
between the cylindrical surface 1 1 and the other annular end face 16 in the axial 
direction X and formed by press forming, or roll forming in the press forming in this 
embodiment; a smooth circular arc surface 1 8 interposed between the tapered surface 
17 and the cylindrical surface 1 1 ; and a smooth circular arc surface 19 interposed 
between the tapered surface 17 and the end face 16. 

Since each of the tapered surface 17, the circular arc surface 18, and the 
circular arc surface 19 is constructed in the same way as each of the tapered surface 13, 
the circular arc surface 14, and the circular arc surface 15, a detailed description will be 
given hereafter of the side of the tapered surface 13, the circular arc surface 14, and the 
circular arc surface 15, and a description of the side of the tapered surface 17, the 
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circular arc surface 18, and the circular arc surface 19 will be omitted. 

The tapered surface 13, which extends between the cylindrical surface 1 1 and 
the end face 12 in such a manner as to be inclined in the axial direction X and is 
constituted by an exposed surface of a copper coating layer 31, extends in the axial 
direction X continuously from the end face 12 through the circular arc surface 15 so as 
to be flat or convex toward the outside with a radius of curvature Rl . The cylindrical 
surface 1 1 extends continuously in the axial direction X from the tapered surface 1 3 
through the circular arc surface 14 toward the end face 16 in the axial direction X and 
parallel to the axial direction X. 

The smooth circular arc surface 14 interposed between the tapered surface 13 
and the cylindrical surface 1 1 has a radius of curvature R2 which is not less than 0.1 
mm and not more than 1 .0 mm. The smooth circular arc surface 1 5 interposed 
between the tapered surface 13 and the end face 12 has a radius of curvature R3 which 
is not less than 0.1 mm and not more than 0.5 mm. An angle of intersection, 8, 
between the tapered surface 13 and an axial line 20 is not less than 15° and not more 
than 25°. 

If the wall thickness at the cylindrical surface 1 1 of the bush bearing 1 is 
assumed to be t, a difference 8 (= rl - r2) between a radius rl at the cylindrical surface 

1 1 of the bush bearing 1 and a radius r2 at an outer peripheral edge 32 of the end face 

12 is in a range of not less than O.lt and not more than 0.3t. 

The bush bearing 1 may be manufactured as follows. Namely, a press roller 
52 having a cylindrical surface 5 1 as well as a press roller 54 having an annular 
recessed surface 53 of a shape complementary to the outer peripheral surface 3, such as 
those shown in Figs. 4 and 5, are prepared. A belt-shaped plate 65 consisting of a 
multilayered plate is inserted into a space 55 formed by the cylindrical surface 51 of the 
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press roller 52 and the annular recessed surface 53 of the press roller 54, wherein the 
multilayered plate includes a back plate 61 coated with copper serving as the coating 
layer 3 1 , a porous sintered metal layer 63 adhered integrally to the copper coating layer 
3 1 on one surface 62 of the back plate 61, and a sliding layer 64 including a synthetic 
resin with which the porous sintered metal layer 63 is impregnated, and which has 
self-lubricity and wear resistance, a portion of the layer 64 being formed on one surface 
of the porous sintered metal layer 63. This plate 65 is subjected to roll forming by the 
press rollers 52 and 54 which rotate, thereby forming on one surface 66 of the plate 65 a 
surface corresponding to the tapered surfaces 13 and 17 and the circular arc surfaces 14, 
15, 18, and 19. Subsequently, the plate 65, which consists of such a multilayered plate 
and has on one surface a sliding surface 67 constituted by the exposed surface of the 
sliding layer 64 and on the other surface the surface 66 constituted by the exposed 
surface of the coating layer 3 1 , is cut into an appropriate length to thereby form the 
plate 65 in the form of a strip. The strip-shaped plate 65 thus obtained is convoluted 
into a cylindrical shape such that the sliding surface 67 is positioned on the inner 
peripheral side. After this convolution, the thus convoluted plate 65 is subjected to 
upsetting, as required, to arrange the cylindrical shape, thereby obtaining the wrapped 
bush bearing 1 shown in Figs. 1 to 3. 

According to the bush bearing 1, since the tapered surface 13 is formed by roll 
forming, no burrs are produced at the outer peripheral surface 3. As a result, for 
example, at the time of press fitting into a hole 72 of an aluminum-made housing 71 of 
a compressor of an automobile, such as the one shown in Fig. 6, copper powder dust of 
the coating layer 3 1 due to burrs is not produced. Further, since an inner peripheral 
surface 73 of the housing 71 defining the hole 72 is not shaved by the burrs, aluminum 
chips are not produced. Moreover, since the difference 6 is not less than O.lt, it is 
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possible to secure the outer peripheral edge 32 of the annular end face 12 having a small 
diameter (= 2-r2) with respect to a hole diameter r3 of the housing 71 . As a result, it is 
possible to reliably perform the alignment with the hole 72 of the housing 71 prior to 
the press fitting into the hole 72 of the housing 71 , and to ensure the guiding action 
based on the tapered surface 13 in the press fitting into the hole 72 of the housing 71. 
In addition, since the difference 6 is not more than 0.3t, it is possible to secure the wall 
thickness (radial width) of the end face 12 to such an extent that the deformation of the 
end face 12 side does not occur in the press fitting into the hole 72 of the housing 71. 
As a result, it becomes possible to assure the roundness of the inner peripheral surface 2 
even after the press fitting with an interference. 



